This study analyses the trend of climatic factors (rainfall, minimum and maximum temperature and humidity) in Niger state, Nigeria, as one of the major states contributing to the total rice output of the country. This study also describes the trend in rice production of Niger state and determined the factors affecting the output of rice in the state. Secondary data from 1981-2010 were used. The analytical tools used were descriptive analysis, unit root and co-integration. The result of the research reveals that there is variation in the trend of the climatic factors and also variation in rice output of Niger state. The finding also shows that humidity and minimum temperature are the climatic factors that affect the rice production of Niger state, such that 1% increase in humidity caused 17% reduction in rice production in Niger state while 1% increase in minimum temperature caused 52.3% increase in rice production, therefore, humidity has a negative effect and minimum temperature has a positive effect. Therefore, the study recommends that research should be done to find the means of reducing the effect of climate change which will in turn improve the agricultural sector of the economy and rice production specifically. Also, breeders should help to develop rice varieties that can survive and produce well in adverse climatic conditions.
Introduction
Climate Change is a global crisis. It is estimated, by the inter-governmental panel on climate change, that there will be increase in global mean temperature of about 1 o C above the present value by the year 2025 and 3 o C before the end of next century (IPCC, 2002) .
Some critical challenges that agriculture will face under climate changes are obvious. Many of which are the amplification of the substantial challenges that the current climate already imposes; water availability is at the top of the list. Water is already scarce in many regions, increasing demand and competition for water will combine with changing and less predictable rainfall and river flows (CGIAR, 2009) . In Africa, where so many people rely directly on the rain for their foods and livelihoods, any changes in rainfall present a major risk. Indeed the IPCC's fourth assessment report suggest that some African countries may see yields from rain fed agriculture fall by as much as 50% by 2020, if production practices remain unchanged (IPCC 2007) . Schneider (1989) stated that water vapor and other "greenhouse gases" such as carbon dioxide, methane, and chlorofluorocarbons cause the greenhouse effect by trapping radiant heat emitted at infrared (long) wavelengths (as opposed to shorter, solar wavelengths which can pass through the atmospheric gases) from the earth's surface and reradiating it back to the earth's surface. This trapped energy effectively creates an enclosure around the earth's atmosphere similar to a greenhouse which not only traps heat, but also restricts air circulation that would otherwise cause cooling (Botkin and Keller 2000) . Prior to the IPCC's report in 2001, there was still significant uncertainty about human beings' contribution to global warming. Many scientists believed that natural global cooling mechanisms worked to offset warming. With the release of the IPCC's Third Assessment Report in 2001, however, came new evidence that climate change over in the last 50 years was, indeed, attributable to humans, mostly from burning fossil fuels that emit more carbon dioxide into the atmosphere than it should contain to achieve climate equilibrium.
The variation in weather and climate has led to a lot of devastating consequences and effects in various parts of the country (Odjugo, 2010) . These include flooding, deforestation, desertification, erosion, drought, sea level rise, heat stress, pests and diseases, erratic rainfall patterns, and land degradation. More specifically, the South-south geopolitical zone is mainly affected by sea level rise and deforestationinduced changes; South-East by erosion, flooding and land degradation: North-Central by changes due to de-vegetation and over-grazing; NorthEast by drought, desertification and heat stress, and North-West also by drought, desertification and heat stress (Ozor, 2009) . When temperature exceeds the optimal level for biological processes, crops often respond negatively with a steep drop in net growth and yield. Khanal (2009) , stated that heat stress might affect the whole physiological development, maturation and finally reduces the yield of cultivated crop. The negative effect on agricultural yields will be exacerbated by more frequent weather event. high air temperatures reduce tillering, causes stunting (Futakuchi, 2005) and accelerate the developmental rate of rice thereby leading to shortened growing cycles. Thus higher temperatures induced by climate change may lead to substantial adverse effects on rice production. In a separate study, the simulated yield reduction from a 1 o C rise in the mean daily temperature varied from 5-7% for major crops, including rice (Matthews et al., 1997) .
One of the most serious long-term challenges to achieve sustainable growth in rice production is Climate change (Wassmann et. al., 2007) . Rice productivity and sustainability are threatened by biotic and abiotic stresses, and the effects of these stresses can be further aggravated by dramatic changes in global climate. Drought and flood already cause widespread rice yield losses across the globe and the expected increase in drought and flood occurrence due to climate change would further add to rice production losses in the future. Thus the major challenge is the potential adverse effect of changing climate on rice production and being the factor limiting increase in annual yield. Droughts can also affect irrigated rice fields with poor water control. Water stress has been identified as one of the most important production constraint in Africa. Crop failure due to drought generally occurs once every five years (Africa Rice Center, 2004) .
Agriculture also had its effect on climate change just as climate change had on agriculture, According to Smith et al., (2008) , agriculture sources such as animal husbandry/ manure management and agricultural soils account for about 52% of global nitrous oxide (N 2 O) emissions. In the past, deforestation and intensive agriculture (e.g, cultivating grasslands) have contributed significantly to the increase in atmosphere from agricultural activities than from fossil-fuel burning (Lal et al., 1998) . Betts et al., (2007) demonstrated that historical deforestation of predominantly northern temperate regions, which their snow cover during winter, probably did not contribute to global warming, if the effect on temperature due to increase in land use change is taken into account. On present impact of agriculture on climate change, Boucher et al., (2004) examined the human influence of irrigation on atmospheric water vapor and climate. They estimated a global mean radioactive forcing in the range of 0.03 to 0.1wm -2 due to increase in water vapor in the atmosphere. There has been substantial progress in agriculture in recent years in reducing greenhouse gases -emission intensities, that is, emission per unit of product. For example over the last 20 years, a significant reduction in greenhouse gases emission intensities has been reported for the major livestock industries in Canada (Verge et al., 2009) . In effort to reduce the effect of climate change on major staple crops in Nigeria, various studies have been carried out but no major research has been done to look into the main climatic factors causing the annual reduction in overall agricultural production. It is already established that climate change is a continuous phenomenon and it is a major threat to development and food security for the coming decades, therefore findings need to be hasten up to find ways to reduce the adverse effect of these uncertain changes.
The main objective of this study is to determine the effect of climate change on rice production in Niger state and the specific objectives are to examine the trend of climate change in the study area from 1981-2010, describe the rice production trend in Niger and analyze the effect of climate change on rice production.
Conceptual Framework
The determination of climate -agriculture relationship can be done by studying agricultural data and climate variables data for a number of places within a given area, for as long a period as consistent records of both agriculture and climate allow, and deducing agro-climatological relationship from analysis of the data (Olaniyan, 1981) . This paper assumes that data will not be tied to its historical mean. However, it is expected that data overtime will be tied together and will move up and down independent of the behaviour of each other. This results into the existence of co-integration. A presence of cointegration implies the existence of a long-term relationship between the endogenous and the exogenous variables (Ayinde et al 2013) . The existence of co-integration can be handled by Error Correction Mechanism (ECM). The study employed the Error Correction Model (ECM) within the context of co-integration theory to analyze the data. The estimation procedure was used to overcome the problems of spurious correlation often associated with non-stationary time-series data. Further, the procedure is able to generate long-run relationships (Engle and Granger, 1987; Johansen and Juselius, 1990; Goodwin and Schroeder, 1991 Johansen, 1992) . In using Error Correction Model (ECM), the first step is to assess the order of both the dependent and independent variables in the model. The order of integration ascertains the number of times a variable will be differentiated to become stationary. Dickey-Fuller statistics (DF) and Augmented Dickey-Fuller statistics (ADF) was used in this study to test the stationarity of individual series (Dickey and Fuller 1981) .
Methodology

Area of Study
Niger figure 1) . The maximum temperature is recorded between March and June, while the minimum is usually between December and January. The rainy season lasts for about 150 days in the Northern parts of about 120 days in the Southern parts of the State. Generally, the climate soil and hydrology of the State permit the cultivation of most of Nigeria's staple crops and still allows sufficient opportunities for grazing, fresh water fishing and forestry development.
Figure 1 Map of Nigeria Data Collection and Analysis
The set of data for this study were time series data from secondary sources. Secondary data from 1981-2010 were used. The data on climate was collected from National Cereal and Research Institute (NCRI) meteorological station and production data from Food and Agricultural Organisation, National Bureau of Statistics and Central bank of Nigeria.
Descriptive graph is used to show the trend of Climatic factors which are rainfall, minimum and maximum temperature and humidity. Also, the production trend (output) of Rice in Niger state was also described through the graph. Cointegration process integrates short-run dynamics with long run equilibra, this analysis first involves the test for unit root or stationary test. The Augmented Dickey-Fuller (ADF) test was used for this test. The ADF F-ratio critical value was used to make decision on the unit root of the variables. The Johansen procedure was used to test for co-integration in the model. Johansen technique was used not only because it is vector auto-regressive based but because it performs better in Multivariate model. LY t = β 0 + β 1 LX 1t + β 2 LX 2t + β 3 LX 3t + β 4 LX 4t + U t Where Yt = annual rice output (kg) X 1 = annual average rainfall (mm) X 2 = annual average minimum temperature ( 0 C) X 3 = annual average maximum temperature ( 0 C) X 4 = annual average humidity (mmHg) t = years U t = error term
Results and Discussion
Rainfall is one of the climatic factors affecting rice production; figure 1 shows the trend of rainfall in Niger state from 1981 to 2010. 
Relative Humidity
The relative humidity represents the amount of water vapor in the atmosphere in a particular area. The effect of relative humidity on the growth of a particular crop cannot be over looked. Figure (5) represents the trend in relative humidity of Niger state, the graph showed that there is no stable pattern of humidity experienced in Niger state. There were upsurge in the relative humidity in years 1986, 1990 and 1991 reaching 775mmHg, 774mmHg and 810mmHg respectively, this increase can be likened to increase rainfall and decrease in temperature in those years. Also, the relative humidity also reached its lowest values in the years 1983, 1997 and 1998 ; reason might also be increase in temperature and decrease in rainfall in those years Niger state is one of the major contributions to rice production in Nigeria. Therefore the rice output trend was looked at to know the factors responsible for upsurge and shock in the trend.
From figure 6 , there is an increase in the rice output from 1991 to 1998, this increase can generally be linked to the policy initiated in the year 1985, when the federal government placed ban on importation of rice and maize into the country. In the year 1995, the federal government introduced 100% tariff on rice, this caused another shock in the total output. Looking at the graph, this tariff also affected Niger state output. These could have encouraged the rice farmers in Niger State to produce more to add to the country's total rice output. The highest rice production in Niger state was recorded in 1998 as 600960 tonnes representing 11.52% increase. This could be as a result of adoption of improved technology, favorable climate because the maximum temperature also reached its maximum in 1998. The rice output fall in the next year to 532870 tonnes representing 11.3% decrease; this decrease in output continued till 2002 at 315190 tonnes, showing a drastic reduction in the Niger state's rice output. The production again took a positive step forward when the rice output rise to 407200 tonnes and this gradual increase continued until 2009 reaching 532010 tonnes and didn't reach the former peak in 1997. The production took a step back in 2010 when it dropped to 506460 tonnes representing 4.85% decrease which may be due to increase in rice importation in the year and unavailability of financial help to the rice farmers.
The results of Climatic factors affecting rice production in Niger state are shown in tables 1-3. Stationary test, Johansen Co-integration and regression analysis were carried out to determine these factors. Table 1 present the result of the Augmented Dickey-Fuller Test. Humidity is stationary at 1% at level while the Output is also stationary at 10% also at level. The other variables are not stationary at level but became stationary after first differencing. From the equation, almost all the independent variables are significant as climatic factors affecting on rice production. Error correction is thus formulated since it has been ascertained that there is a long-run relationship between the variables.
The estimation result from Table 3 reveals that the explanatory variables jointly account for approximately 92.2% changes in rice production. The Durbin-Watson statistics illustrate (1.64) absence of auto-correlation. Coincidentally, the goodness of fit for the regression remained low after adjusting for degree of freedom as indicated by the adjusted R 2 (R 2 =90.3%). The result also shows that humidity and minimum temperature are statistically significant in explaining changes in rice production as a result of climate change. This therefore implies that, 1% increase in humidity will cause 17.1% reduction in Rice production in Niger state, this shows a negative impact. Minimum temperature has a positive effect in that for every 1% increase in minimum temperature there is an increase of 52.3% in rice production. Rainfall and maximum temperature are not significant in explaining the effect of climate change in rice production in Niger state. This result differs from the result of Ayinde et al., 2011 where rainfall was significant in explaining the effect of climate change on Nigerian agricultural productivity. Insignificance of rainfall on rice production may be linked to the variety of rice that the farmers planted. The use of submergence variety in the study during occurrence of flood will obviously reduce the negative effect rainfall might have on rice production. In line with this, in seasons where temperature is high and rainfall is very low which leads to drought, the use of drought resistant variety in the study will keep the production level in a stage where maximum temperature and reduction in rainfall will not be significant. These justify the essential of innovative variety to coping with climate variability.
Conclusion
Based on the findings of this research, it can be concluded that there is existence of climate change in Niger state and this is really affecting the agricultural sector of the state. Rice production in Niger state is adversely affected by this climate change as shown by the shock that exist in the production trend. The rice production trend of Niger state is not stable but still one of the best rice output when it reached 600960 tonnes in 1998.
It can also be concluded that the major climatic factors affecting rice production in Niger state is minimum temperature and relative humidity, such that, the higher the relative humidity the lower the rice output from Niger state and the higher the minimum temperature, the higher the rice production.
Recommendations
Based on the result of this study, the following recommendations are made in order to improve the rice production potential of the state and Nigeria at large: Research should be conducted to find means of reducing the effect of climate change which will in turn improve the rice production and agricultural sector of the country. Also, breeders should help to develop rice varieties that can survive higher humidity such that increase in humidity in any environment will not have adverse effect on rice production.
